In less than thirty years, China has become a major force in the global economy. One feature of its rapid ascent has been an enormous expansion of the country's science and technology (S&T) capabilities, thanks to the emergence of a large and increasingly well-educated talent pool. Yet China finds itself faced with a number of major challenges as to whether its full S&T potential may be realized. At the heart of these challenges lie a number of uncertainties surrounding the quality, quantity, and effective utilization of China's S&T workforce. Written by two leading experts in the field, this book is the first in forty years to address these critical issues. Building on exciting new research and a plethora of comprehensive statistical materials, its findings will have significant policy implications both for China and the international community, especially in terms of issues relating to national competitiveness and innovation potential.
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Tackling a problem as complex and challenging as assessing the scientific, engineering, and managerial talent-base of a country as complicated and dynamic as the People's Republic of China requires a great deal of patience and persistence as well as a strong collaborative effort. Gaining a real operational understanding of the workings of the overall Chinese statistical system as well as the science and technology (S&T) data system, including the collection, processing, and classification approaches, is not a small task by any measure. This undertaking is made even more daunting by the fact that the Chinese system, generally speaking, lacks the same degree of openness and transparency concerning access to very detailed information about the workings of the Chinese economy and research and development (R&D) system. Nonetheless, we decided to persevere and embarked upon what often proved to be a very taxing and demanding research project. We are happy to report that the strength of our commitment and fortitude has yielded very positive results, including the production and publication of what we hope will be viewed as an important contribution to understanding contemporary China. Both authors have been studying China's human resources in science and technology (HRST) for many years. Simon wrote his master's thesis at the University of California, Berkeley on "manpower planning in China" in 1975, while Cao studied the elite members of the Chinese Academy of Sciences (CAS) for his doctoral dissertation, the situation among young Chinese scientists with Richard P. Suttmeier, and China's "brain drain" phenomenon later on. Having some grounding in this often complicated field of study helped us to gain traction and find our direction during the early stages of the project.
In writing this book, we benefited from various types and sources of support. Many scholars in the China studies field have encouraged our endeavors as they too have recognized the need for a serious stocktaking of China's S&T human capital. These include Richard P. Suttmeier, Jon Sigurdson, William Fischer, Adam Segal, Erik Baark, Yifei Sun, Linda Jakobson, Ding Jingping, and Zhou Yuan, among others. Cao's field research in China was, in part, supported by a grant from the US National Science Foundation to Dr. Suttmeier (OISE-0440422).
The Levin Graduate Institute in New York City provided us with a wonderful environment to carry out our research and study the problems of innovation in China as a whole. President Garrick Utley's support for the idea of creating an actual "Global Talent Index" dovetailed very nicely with the authors' common interest in China's scientific and engineering contingency. Garrick's reference point for turning out an authoritative, useful, and convenient tool for understanding the talent pool in technologically developed and emerging economies was derived from the Military Balance, an annual publication produced by the International Institute for Strategic Studies. Other Levin staff members have also been extremely encouraging and supportive, including Michael DiGiacomo, Thomas Moebus, Lin Wei, Christine Li, Leydi Zapata, and Jason Zheng Ye. With Levin's strong institutional support, we have been able to build a first-rate Chinese xiimaterials library focussed on S&T policy and innovation in China, including large numbers of important statistical yearbooks, monographs, and other research materials. We are proud of having created perhaps the most comprehensive collection of such Chinese materials outside, if not inside, of mainland China. Having these materials readily available has helped to facilitate the completion of this book and, we hope, helped to enhance its value.
Bilguun Ginjbaata and Howard Harrington helped us analyze the supply and demand data. A huge amount of credit and gratitude goes to Bojan Angelou, who worked tirelessly with the entire team to help build the underlying statistical model and produce the accompanying regression analyses. We are extremely grateful for his valuable contributions.
Joseph Chamie, director of research at the Center for Migration Studies, called our attention to the United Nations population projection, which is greatly appreciated.
We also want to acknowledge the many colleagues and friends in China who have provided valuable guidance, access to sources of data, and their own critical insights. In particular, we would like to mention the following individuals: Fang Xin and her team who did the strategic study on talent for the "Medium- We would like to thank Linda Jakobson of the Finnish Institute of International Affairs, who shared with us the information she obtained from the US National Science Foundation on Chinese-origin PhDs in the American workforce, and Jin Bihui of the National Science Library of the CAS, who shared with us the data on international collaboration of Chinese scientists. Liu Xiaoying, director of the S&T Bureau in Dalian, along with her colleague Wan Jiuwen, willingly discussed a broad range of local talent issues with us. Vice-President Zhang Rong at Nanjing University exchanged ideas with us about the skills and placement challenges facing Chinese undergraduate students. Ding Jingping, then principal consultant with Watson Wyatt Beijing, and Guo Xin, managing director for Great China for Mercer Human Resource Consulting readily took time out of their own busy days to share their knowledge and insights on human resources management practice in China. Fan Houming, Levin's first in-residence visiting scholar, shared his first-hand knowledge of Chinese higher education with us while on leave from Dalian Maritime University. Liu Fengchao, of the Dalian University of Technology, and his doctoral student Sun Yutao, quickly located materials on Chinese software talent at our last-minute request. We also have learned a great deal from the managers working within both Chinese companies and multinational corporations (MNCs) about their experience dealing with talent in China. We especially want to thank Jiang Hongbo, president of the Zhonglian Computer Company in Dalian, for his helpfulness in explaining the challenges of building an outsourcing talent base in China. Last, but not least, we have benefited from our numerous conversations with the dozens of Chinese policymakers, enterprise executives, software engineers, and scholars from across China who have come to Levin over the last few years for advanced training in leadership, management, and the commercialization of R&D.
At Cambridge University Press, Paula M. Parish, commissioning editor of business and management, recognized the significance of the topic and graciously agreed to work with us when the book was still only a proposal.
In (NBS, 2007: 794) . Unequivocally, this represents the world's highest output in terms of overall numbers. In recent years, there also has been a steady increase in the number of international papers published by Chinese scientists. Measured by the number of papers included into the Science Citation Index (SCI), a 1 According to the Organization for Economic Co-operation and Development (OECD), using the purchasing power parity (PPP) measure, however, in 2006 China became the world's second-largest spender on R&D (US $136 billion), ranking only behind the USA (US $330 billion) (OECD, 2006) . Of course, it should be noted that attempts to measure China's economic output in PPP terms are subject to discussion, as its gross domestic product (GDP) based on that was reduced by 40 percent in a recent recalibration (Porter, 2007) . It should also be recognized that the gap in spending between China and the USA remains substantial, with the USA spending being more than twice that of Chinese spending. Science and Technology (2006-2020)" (MLP) . In addition to setting ambitious national priorities and formalizing the leadership's commitment to allocate substantial financial and people resources to meet the announced goals, the MLP specifically defines enhancing indigenous innovation capability (zizhu chuangxin), leapfrogging in key scientific disciplines, and utilizing S&T to support and lead future economic growth as the major objectives (Cao et al., 2006) . In a word, once considered one of the more backward developing countries, China today stands as one of the world's most robust and dynamic economic forces. These trends have led many observers to ask, in a similar vein, whether China also is poised to become a superpower in science and technology (see, for example, Keely & Wilsdon, 2007; Sigurdson, 2006 well-educated talent pool. The term "talent" (rencai) 4 is a concept that has gained increasing popularity and importance in China over the last few years; specifically, it denotes those Chinese with higher-caliber abilities and skills of strategic significance to the country's modernization and national wealth creation.
5 Leveraging the significant investments that heretofore have been made to modernize and upgrade the country's higher education system and R&D infrastructure, China hopes to capture and harness the country's most strategic resource -its talented people -to embark on a quest to close appreciably the prevailing technological gap between itself and the West in fields ranging from biotechnology to nanotechnology. The launch of the MLP reflects a commitment to rely more on "brains" rather than "brawn" to bring China into a strong, leadership position during the early part of the twenty-first century.
At the heart of the debate about whether China's potential can be realized, however, lie a number of critical issues all touching upon, or dealing directly with, lingering uncertainties surrounding the quantity, quality, and effective utilization of China's current and future scientific and technical workforce. Will China have sufficient talent to compete head-on with the USA and the world's other leading technological nations? Is China's indigenous talent qualified to meet the needs of the country's economic, scientific, and education enterprises? How will demographic trends in China affect the supply of college-age candidates for university enrollment? What has been the impact of Chinese scientists and engineers who have been trained abroad and have returned to the People's Republic of China? Is China still facing a "brain drain" problem, and if so, how serious is it? And last but not least, what factors with regard to the changing complexion of the Chinese economy and foreign investment will affect the supply and demand for high-end talent?
Building on some very exciting original field research as well as a plethora of comprehensive statistical materials and analysis dealing with the structure, size, and composition of the scientific and engineering talent pool in China, this book tries to answer these critically important questions. The analysis offered in this book has significant policy implications for both China and many other countries, such as the USA, especially in terms of such issues as national competitiveness and innovation potential.
From the perspective of both contemporary China studies and the literature on competitiveness, the book is long overdue in that it is the first comprehensive look at China's human resources in science and technology (HRST) in over four decades -since the publication in the 1960s of Professional Manpower and Education in Communist China by Leo Orleans (1961) and Scientific and Engineering Manpower in Communist China by Chu-yuan Cheng (1965) . Although breaking new ground at the time, both books were constrained by serious data availability and quality issues. Ironically, both books appeared around the time of China's successful testing of its first atomic weapon in 1964; this somewhat unexpected development reinforced the need to monitor S&T developments in the People's Republic of China. Fortunately, Orleans continued his work in this field, taking advantage of the opening up of China's relations with the outside world and the expanded availability of statistical data from China. Orleans contributed several, more detailed monographs in the 1980s on China's scientific workforce (Orleans, 1980 (Orleans, , 1983 and Chinese students in the USA (Orleans, 1988 (Orleans, , 1992 . Between then and now, however, while such organizations as the Organization for Economic Co-operation and Development (OECD) and the US National Science Foundation (NSF) periodically provide quantitative updates and analyses of China's scientific and technical workforce in the context of international comparisons of graduate education around the world and the global mobility of talent, there has been virtually no detailed scholarly book-length work devoted to the topic, even though the topic has become steadily more important as China's expanded prominence in international and regional S&T affairs has generated a growing need for a deeper, more sophisticated understanding of its present and future S&T talent pool. While Chinese academics have published some work on the topic in recent years -most notably: In addition to much scholarly attention paid to the relations between Chinese intellectuals, including scientists and engineers, and the state (see, for example, Goldman et al., 1987; Goldman & Gu, 2004; Hamrin & Cheek, 1986; Miller, 1996) , there have been studies written in the West about China's HRST from other perspectives. One of the most interesting was Thread of the Silkworm, by Iris Chang (1996) , which is the story of the life of one individual Chinese scientist, Qian Xuesen, often seen as the father of the Chinese missile program. Chang's story about Dr. Qian is especially relevant to the present book because she documents the experiences of an individual who, under some pressure, returned to China after building what seemed to be a successful career as a defense scientist at Cal Tech in the USA. Lueck's (1997) study of Chinese intellectuals during and after the Tiananmen Square incident on June 4, 1989 also tries to bring into focus the challenges of working in the R&D profession in a rapidly changing Chinese environment. And recently Cao has systematically examined the characteristics of the leading academicians (yuanshi) of the Chinese Academy of Sciences (CAS), and to a less extent, the yuanshi of the Chinese Academy of Engineering (CAE), and the process through which Chinese scientists have been elected into the elite (Cao, 2004a; Cao & Suttmeier, 1999) , and China's emerging scientific elite (Cao & Suttmeier, 2001 ).
All of these works provide some degree of understanding about the world of the Chinese scientist and engineer, but few attempts have been made to conduct the type of overall stocktaking of high-end S&T talent resources that was produced in the early 1960s. This book, in its own way, attempts to fill the prevailing gap by bringing together a significant volume of new statistical data and interview information about the scientific and engineering community in China. It represents the first of its kind in terms of incorporating a statistically based supply and demand approach and model to forecast the growth and availability of China's S&T talent over the next five years and to analyze the massive new availability of original policy documents and statistical materials on Chinese S&T talent. Compared with the raw materials that Orleans and Cheng, respectively, had to work with, we have clearly had some major advantages, stemming in no small way, from the premium that Chinese officials have placed on cooperation with the West and providing increased access to foreign researchers. This availability and increased access for foreign researchers affords observers of the Chinese scene a greater ability to determine where China's scientists and engineers stand when compared with their counterparts elsewhere.
The book also offers a timely assessment of the strength and weakness of China's S&T talent pool. Because of the relative scarcity of accurate information on the subject as well as the misrepresentation of the information, there have been growing political concerns in the USA and other developed countries about the increasing size of the Chinese scientific and engineering talent pool and its implications for the economic and technical future of OECD countries and beyond. Many of these concerns reflect an incomplete, and sometimes exaggerated and distorted, picture of the Chinese talent situation and education system. For example, the source of the figure of 1.6 million Chinese engineers used in a McKinsey study on global outsourcing seems to be derived more from popular perceptions or anecdotes rather than actual statistical analysis (McKinsey Global Institute, 2005 ) and a most recent study of the Chinese health biotechnology sector introduces an absurdly higher number of Chinese scientific and technological personnel -55.75 million -from a Chinese source but does not clarify what this number means (Frew et al., 2008: 52) .
7 As a recent study from Duke University correctly points out -and in fact, as Chinese education statistics also indicate -not every so-called "engineer" graduating from a Chinese university is equal (Wadhwa & Gereffi, 2005) . Of the 1.34 million "engineering students" graduated from Chinese colleges in 2006, for example, more than half -57 percentwere in the short-cycle, two-to three-year abbreviated programs (zhuanke); that is, the level of education and formal training that these 7 We could not find this number in any official S&T statistics. 
Objectives and organization of the book
In making a substantial investment in the data collection efforts that form this book's underpinning, we were driven by three main objectives. First, simply and succinctly stated, our goal has been to enhance overall understanding of the supply, demand, and utilization of scientific and engineering talent in China. In this regard, we strongly believe that it is important to differentiate fact from fiction with respect to the formal statistical and popular media-driven data coming out of China and other parts of the world about the Chinese talent pool. As suggested, there is a considerable amount of hyperbole and exaggeration in the air that simply needs to be corrected or debunked. If government, enterprise, and university decision-makers in China and abroad do not have appropriate data and analysis to support their policy decisions, the chances of critical mistakes and blunders occurring are enhanced. Second, we wanted to connect the Chinese case with the larger discussions about global talent so that we may all better understand how China's emergence as a more prominent player in the global innovation system will affect and influence the shape and nature of that system in the years ahead. Whether we accept the idea of a global talent pool or the existence of pools of talent, the fact remains that And, third, we wanted to encourage others, including our counterparts in China, to build on this work. As part of the preparatory work for its new MLP, which was launched in January 2006, the government assigned to one of 20 strategic research teams responsibility for addressing China's high-end talent needs for the coming 15 years. Unfortunately, this study was not made available to us, but from what we understand, it was heavily driven by a supply model without ample consideration of the changing nature of the demand side -the only demand variable is R&D expenditure.
8 This has led some observers to suggest that while the Japanese may have developed the "just in time" philosophy, in the realm of talent development, Chinese thinking is apparently characterized by a "just in case" mentality! We believe that the type of approach used in drafting the MLP requires reconsideration. Our hope is that more study will be done in China on this important topic, and that other foreign scholars will be given a chance to collaborate with their Chinese counterparts. It is our ambition to build one more cooperative bridge between China and the West so that the integration of the People's Republic of China into the world S&T community may continue in a constructive and harmonious manner.
In this regard, this book should also be viewed as a link connecting together existing research, statistical information, and analytic models and methodologies regarding the study of science, engineering, and management talent in other countries with the Chinese case. The analysis offered in the book tests the applicability and validity of the prevailing literature about talent development and utilization at the national level.
With all these in mind, the book, which is composed of nine chapters plus an appendix, is divided into three parts. The first part, which includes the initial two chapters, reviews the literature on the relations between human capital and economic development and discusses the dilemmas and challenges that China faces as it seeks to move beyond its role as a "factory to the world." The next five chapters constitute the second part of the book. Chapter 3 introduces the concept of HRST, an internationally used definition, and discusses its applicability to the study of Chinese S&T talent. The chapter then provides a stock-take of China's overall S&T talent pool, including its structure and characteristics. As part of a broad examination of the development of the higher education system in post-1978 China, Chapter 4 analyzes the pipeline through which China produces undergraduate and graduate students, especially in science, engineering, and management, and identifies the problems and issues faced by China in turning out a larger volume of such students. Chapter 5 examines how Chinese S&T talent has been utilized from the perspective of prevailing policy goals versus and the real-world situation. Chapter 6 discusses the impact of the "brain drain" problem on China's ambition to become an innovation-oriented nation. The second part of the book ends with Chapter 7, a forecast of the demand and supply of scientific and engineering talent in China in the years to come.
The last part consists of two chapters. Chapter 8 surveys the talent situation in key technology fields, highlighting China's relative strengths and weaknesses, and Chapter 9 contains a discussion of the changing role of scientists and engineers in Chinese society and political economy, as well as offering an examination of the potential impact that China's S&T talent will have on global technological competition and international scientific advances during the first part of the twenty-first century.
